Undoped and Manganese (Mn) doped zinc oxide (ZnO) (Zn 1Àx Mn x O, x = 0.005, 0.01, 0.015 and 0.02) nanoparticles (NPs) capped with (1.0%) Thioglycerol (TG) has been successfully synthesized by co-precipitation method. Optical and morphological studies have been done for photophysical and structural analysis of synthesized materials. The photocatalytic activity of undoped and Mn doped ZnO NPs were investigated by degradation of crystal violet (CV) dye under UV-Visible light radiations. It has been found that Mn (1.0%) doping concentration is optimal for photophysical and photocatalytic properties. When the pH of as synthesized optimum doped ZnO NPs varied from natural pH i.e. from 6.7 to 8.0 and 10.0, the degradation of CV dye increases from 92% to 95% and 98% in 180 min respectively. Further on increasing the pH of optimum doped synthesized NPs to 12.0, almost 100% degradation has been achieved in 150 min. Optimum doped photocatalyst synthesized at pH-12.0 has also effectively degraded the CV dye solution in acidic and basic medium thus showed its utility in various industries. However, it has been found that 100% of CV dye quickly degraded in 30 min when only 1.0% of hydrogen peroxide (H 2 O 2 ) was introduced along with optimized NPs synthesized at pH-12. Kinetic studies show that the degradation of CV dye follows pseudo first and second-order kinetic law. Further an industrial anionic polyazo Sirius red F3B (SRF3B) dye has been degraded to 100% with optimized NPs synthesized at pH-12.0 in 15 min only.
Introduction
With increasing diversity in industrial products environmental problems related to industrial effluents are becoming more and more complex. The residual dyes from different sources like textile industries, pharmaceutical industries, bleaching industries, dyeing, paper and pulp industries etc. introduces a variety of organic pollutants into natural resources of water. Such dye effluents pose a major threat to the surrounding ecosystem owning to their toxicity, non-biodegradability and even may cause cancer or mutagenic to life (Lima et al., 2015) . These dyes remain in water for long time without adequate treatment. Various processes such as flocculation, adsorption, ultra-filtration, precipitation and reverse osmosis are applied to remove toxic substances generated from dyes in wastewater. However, using these processes highly concentrated pollutant phases are generated (Akyol and Bayramoglu, 2005 of dyes has attracted more attention because it is able to oxidize low concentration of organic pollutants into non toxic products (Kislov et al., 2009) . It is generally accepted that, when semiconductor absorbs a photon with energy greater than or equal to band gap energy of semiconductor, an electron is excited from filled valence band to empty conduction band, leaving a hole in the valence band. If suitable trap states created by defects or by dopant are available to trap these photo-generated electrons and holes, recombination is prevented and thus they can be used to perform redox reactions. Hole lying in the valence band react with the surface bound H 2 O or OH À to produce powerful oxidizing agent such as hydroxyl radical. On the other hand, the electron in the conduction band reacts with dissolved oxygen species to generate superoxide anion radicals, which are again highly reactive for oxidizing organic compounds (Akpan and Hameed, 2009) . Till now, many kinds of semiconductors have been studied as photocatalysts such as TiO 2 , ZnO, ZnS, WO 3 , and CdS (Rehman et al., 2009; Sharma et al., 2012; Bhosale et al., 2014; Chandran et al., 2014) . TiO 2 is the most widely used effective photocatalyst for its high efficiency, non-toxic nature, low cost and photochemical stability. To significantly improve the photocatalytic efficiency of TiO 2 , it has been doped with Au, Fe (III), Co, Al 3+ , V etc. (Kamat, 2002; Martin et al., 2004; Chio et al., 1994; Klosek and Raftery, 2001) . It has been found that on doping with Au and Fe (III) in TiO 2 increases the photocatalytic efficiency by small amount but doping Co and Al 3+ has inverse effect on photo-reactivity of TiO 2 . However, V À doped TiO 2 showed better photo-reactivity but the by-products were carbon monoxide and formic acid which are also toxic in nature. On the other hand ZnO has been found to be better alternative to TiO 2 because of its higher reaction and mineralization rates and also it generates oxidizing agents more efficiently (Behnajady et al., 2006; Poulios et al., 1999) . Biggest advantage of ZnO over TiO 2 is that it absorbs larger fraction of UV spectrum and its corresponding threshold is 425 nm. Since the contaminant molecules need to be adsorbed on the surface of photocatalyst before the photocatalytic reaction takes place, the surface area and crystal defects play a significant role in the photocatalytic activity. Doping of metal oxide with transition metal ions improve the photocatalytic activity by increasing the crystal defects and tailoring the band gap energies to shift the optical absorption toward visible region (Wang et al., 2013) . Mn doped ZnO shows better degradation in visible region as Mn doping creates defect states which act as the intermediate steps for the electrons to excite from valence band to the conduction band (Wang et al., 2013; Mahmood et al., 2011) . To the best of our knowledge, in most of the studies pH of the dye has been varied with the addition of acids or bases to make it cationic or anionic without varying the pH of as synthesized semiconductor photocatalyst (Ji et al., 2009; Kong et al., 2010) . We have already reported the effect of pH of as synthesized Cu doped ZnO NPs on photocatalytic activity (Mittal et al., 2014) . Till date, no study has been done on the effect of pH of as synthesized Mn doped ZnO NPs on photocatalytic degradation studies. In the present work, nanosized undoped and manganese (Mn) doped with TG capped ZnO NPs were prepared by co-precipitation route at different pH. These synthesized NPs were used as a photocatalyst to study the photocatalytic degradation of CV dye as a model of organic compound under UV-Visible irradiations. The effect of doping concentration and pH has been studied in detail. The results confirm that Mn doped ZnO NPs synthesized at higher pH values show enhanced UVVisible light induced degradation of CV dye. Further the addition of 1.0% H 2 O 2 to optimum doping concentration of as synthesized Mn doped ZnO NPs at pH-8.0, 10.0 and 12.0, fast and quick degradation of CV dye has been observed. The photocatalytic results so obtained are contradictory to others who reported that Cu and Mn doped ZnO NPs show nearly same or lesser photocatalytic activity than undoped ZnO NPs (Milenova et al., 2013; Donkova et al., 2010) .
Experimental section
For these studies chemicals of analytical grade were purchased from Sigma Aldrich. ZnO NPs were synthesized by chemical co-precipitation method (Mittal et al., 2014) . In the first step 40 mL homogeneous solution of 0.5 M zinc acetate, (1.0%) (at. wt.) TG and 0.5 M sodium hydroxide were prepared in distilled water separately by stirring them for half an hour. For the synthesis of undoped and capped ZnO NPs, 1.0% TG solution was added to the 40 mL solution of 0.5 M zinc acetate in aqueous medium. After half an hour 0.5 M sodium hydroxide was added dropwise to the above solution. Soon after the addition of sodium hydroxide the precipitation phenomenon occurs and the concentration of precipitates increases as the addition was increased. Sodium hydroxide was added into the solution till the pH of the solution reaches to 8.0. The stirring was allowed for another half an hour. For synthesis of Mn (0.5%) doped and TG (1.0%) capped ZnO NPs at pH-8.0, 40 mL homogeneous solution of 0.5 M zinc acetate and 40 mL solution of 0.5 M sodium hydroxide was prepared. 40 mL homogeneous solution of 0.5 M manganese acetate and TG solution of 1.0% (at. wt.) each were prepared in distilled water separately with constant stirring for half an hour. Firstly (0.5%) manganese acetate solution was added dropwise to 40 mL zinc acetate solution and then TG (1.0%) was added to same solution. After stirring of about half an hour sodium hydroxide solution was added dropwise till the pH of the solution reaches to 8.0. The stirring was allowed for another half an hour. For synthesis of Mn (1.0%, 1.5% & 2.0%) doped and TG (1.0%) capped ZnO NPs at pH-8.0 and Mn (1.0%) doped and TG (1.0%) capped ZnO NPs at pH-10.0 and 12.0, similar procedure was adopted. The capping agent was used for avoiding agglomeration. Different solutions containing TG (1.0%) capped undoped and Mn (0.5%, 1.0%, 1.5% and 2.0%) doped ZnO NPs synthesized at pH-8.0 and Mn (1.0%) doped capped NPs synthesized at pH-10.0 and 12.0 were then centrifuged at 10,000 rpm for 5 min. The precipitated particles were filtered using Whatman-40 filter paper. The particles were washed several times to remove the last traces of adhered impurities. The wet powders were dried at 70°C in vacuum oven for 24 h. Finally, the powders were calcined at 300°C for 3 h to produce the nano sized doped and capped ZnO powder.
Characterization
The ZnO NPs were characterized by X-ray diffraction (XRD) technique using Panalytical Xpert Pro MPD diffractometer with Cu (Ka) radiations. The ZnO NPs were characterized using Hitachi (H-7500) Transmission electron microscope (TEM) operating at 80 kV. Samples for TEM studies were prepared by dispersing the NPs in ethanol and placing a drop of nano dispersed powder on a carbon coated Cu grid. The solvent was allowed to evaporate at room temperature. Optical absorption spectra of ZnO NPs was recorded with double beam UV-Visible spectrophotometer using Hitachi U-3900H in the range 300-650 nm. For this 0.001 gm sample was dispersed in 5 mL of distilled water and further ultrasonicated for half hour to obtain transparent colloidal solutions. PL excitation and emission spectra of powdered sample has been recorded with Edinburgh Instruments FS920 spectrometer equipped with 450 W Xenon Arc Lamp and a cooled single photon counting photomultiplier (Hamamatsu R2658P).
Photo reactor and experimental procedure
A photo reactor was designed and fabricated in our laboratory for photo degradation studies (Mittal et al., 2014) . It contains three jackets. At the innermost jacket of cylindrical vessel a mercury lamp was placed which had broad emission range. The middle jacket was surrounded by circulating water intended to control the temperature during the reaction. Solution of CV dye and prepared ZnO catalyst was placed in the outermost jacket and whole apparatus was then placed on the magnetic stirrer which can work on variable temperature and rpm. Here all experiments were performed at room temperature and at 1500 rpm. The photocatalytic reaction was carried out with 0.25 g ZnO nanopowder suspended in 100 mL of dye solution (crystal violet). The concentration of the dye used for photocatalytic degradation was 10 mg/L. At different time intervals the slurry (dye and ZnO nanopowder) was sampled and centrifuged at 10,000 rpm and then supernatants were analyzed by the UV-Visible spectrophotometer to study the photocatalytic degradation of CV dye. All the experiments have neutral pH of CV dye solution even after the addition of photocatalysts synthesized at different pH. However, to check the photocatalytic efficiency and utility of synthesized NPs at higher pH values in industries, degradation of CV dye has been studied by varying the pH of CV dye solutions at pH-2.0 and 10.0.
Results and discussion

XRD -studies
The XRD pattern of TG (1.0%) capped undoped and Mn (0.5-2.0%) doped ZnO NPs synthesized at natural pH is shown in Fig. 1 . The diffraction peaks corresponding to (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2) and (2 0 1) planes reveals a highly crystalline hexagonal wurtzite structure (JCPDS No. 36-1451) . There is no extra peak corresponding to Mn, oxides of Mn or Mn related secondary and impurity phases in Fig. 1 confirming that manganese has been incorporated to ZnO lattice rather than interstitial ones. The average crystallite size is estimated by Debye-Scherer formula
where D is crystallite size (in nm), 'k' is the wavelength of X-ray used (in nm), 'b' is the full width at half maximum (FWHM-in radian) and 'h' is Bragg diffraction angle (in degree). The average crystallite size estimated to be 38 nm for undoped, 16 nm for Mn (0.5%), 13 nm for Mn (1.0%), 28 nm for Mn (1.5%) and 20 nm for Mn (2.0%) doped and TG (1.0%) capped ZnO NPs.
TEM
TEM micrographs of Mn (1.0%) doped and TG (1.0%) capped ZnO NPs synthesized at various pH values are shown in Fig. 2(a-d) . It is clear from micrographs that Mn (1.0%) doped ZnO NPs at different pH have spherical morphology. Fig. 2(a) shows Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 have agglomerated spherical shape particles with average particle size of 12-18 nm. Mn (1.0%) doped ZnO NPs synthesized at pH-8.0, 10.0 and 12.0 as shown in Fig. 2 (b-d) also have agglomerated spherical particles with average particle size lying between 10 and 15 nm.
Optical properties
Optical absorption spectroscopy of prepared undoped and Mn (0.5-2.0%) doped ZnO NPs is performed by UV-Visible absorption spectroscopy at room temperature. Fig. 3(a) shows the absorption spectra of undoped and Mn (0.5-2.0%) doped ZnO NPs at natural pH i.e. at pH-6.7 and Fig. 3(b) shows the absorption spectra of Mn (1.0%) doped ZnO NPs at various pH values i.e. at pH-6.7 (natural pH), 8.0, 10.0 and 12.0. It can be seen from Fig. 3 (a and b) that there is strong excitonic absorption peak for all as prepared samples. Fig. 3(a) shows the absorption peaks at 364 nm, 358 nm, 365 nm, 364 nm and 364 nm for undoped, Mn (0.5%), Mn (1.0%), Mn (1.5%) and Mn (2.0%) doped ZnO NPs respectively. Fig. 3(b) shows the absorption peak at 365 nm, 367 nm, 354 nm and 371 nm for Mn (1.0%) doped ZnO NPs at pH-6.7, 8.0, 10.0 and 12.0 respectively. These peaks in all samples are blue shifted in comparison to bulk ZnO having absorption peak at $375 nm (Mahmood et al., 2011) . All these blue shifted peaks attributed to large exciton binding energy and good optical quality of synthesized doped ZnO NPs. The weak absorption in all synthesized samples starts from 650 nm and becomes strong around 360 nm. The band gap has been calculated by using Tauc's formula which shows the relationship between absorption coefficient (a) and photon energy (hm) and can be written as: where 'A' is constant, 'a' is the absorption coefficient and n depends on the type of transition having values 1/2, 2, 3/2 and 3 corresponding to allowed direct, allowed indirect, forbidden direct and forbidden indirect respectively (Pankove, 1971) . As ZnO has direct band gap so value of n is taken as 1/2. The band gap values has been determined by extrapolating the straight line portion of (ahm) 1/n versus hm graph. Fig. 4 (a and b) shows the graphs between (ahm) 2 and hm for undoped and Mn (0.5-2.0%) doped ZnO NPs at natural pH and Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 (natural), 8.0, 10.0 and 12.0. The band gap values obtained are 3.20 eV, 3.24 eV, 3.00 eV, 2.77 eV and 3.13 eV for undoped, Mn (0.5%), Mn (1.0%), Mn (1.5%) and Mn (2.0%) doped ZnO NPs synthesized at pH-6.7 and 3.28 eV, 3.15 eV and 3.05 eV for Mn (1.0%) doped ZnO NPs synthesized at pH-8.0, 10.0 and 12.0 respectively. The band gap of doped ZnO NPs decreases as the doping concentration increases from 0.5% to 1.5%. This decrease in band gap of doped ZnO NPs is because the d-electron of Mn (t 2g levels) can easily overlap with ZnO valence band and this results in decrease in effective band gap (Halprin and Lax, 1966) . So the photocatalyst's valence band gap can now be excited by visible light radiations. However, when Mn doping concentration increases to 2.0%, the band gap increases in comparison to other doped ZnO NPs and reaches to 3.13 eV which may be attributed to increase in doping concentration from optimum level as similar behavior has been observed in vanadium doped ZnO NPs (Tahir et al., 2009 ). This may be due to carrier concentration, structural parameter and defects due to oxygen vacancy which leads to Burstein Moss Shift (Chakraborty et al., 2003) . Also, the band gap values calculated for doped NPs synthesized at pH-10.0 and 12.0 are significantly lesser than undoped ZnO NPs and thus may act as a better photocatalyst in UV-Visible light radiations (discussed later).
Excitation studies
Room temperature photoluminescence excitation spectra of undoped and Mn (1%) doped ZnO NPs monitored at 468 nm emission are shown in Fig. 5 . It has been found that undoped ZnO NPs shows broad excitation peak at 307 nm with small peak at 407 nm. In comparison to undoped ZnO NPs, Mn (1.0%) doped ZnO NPs shows sharp excitation peaks in UV region lying at 302 nm, 323 nm and 378 nm and one broad absorption peak in visible region at 439 nm. The broad absorption in between 370 and 450 nm comprises of three absorptions, assigned to 6A 1g (S) ? 4A 1g (G), 4E g (G) and 6A 1g (S) ? 4 T 2g (G) transition (Halprin and Lax, 1966) . The broad absorption peak in visible region appear due to the energy levels created by Mn atom in the host ZnO NPs. The relative absorption intensities of Mn doped and undoped ZnO (I Mn doped/undoped ) are very high for the peaks considered around 307 nm and 439 nm. Thus PLE spectra show that energy levels have been created by impurity (Mn) atoms in the host ZnO samples therefore doped sample has better absorption in visible region as compared to undoped ZnO NPs.
Emission studies
Photoluminescence emission spectra of undoped and Mn (1.0%) doped ZnO NPs in powdered form which are synthesized at various pH values at 325 nm excitation is shown in Fig. 5(c) . Inset of Fig (Sharma et al., 2010; Singh et al., 2015) . In case of Mn doped ZnO NPs this well known 590 nm emission is absent. This has already been discussed in UV Visible absorption studies and earlier reports that d-states of Mn (t 2g levels) can easily overlap with ZnO valence band (V.B) and this results in quenching of 590 nm emission and results in decrease in effective band gap (Halprin and Lax, 1966) . So overlap of one state (t 2g ) of Mn with host V.B and presence of upper d state 6A 1g (S) in band gap helps to dissociate electron and hole wavefunction and decrease recombination. This is clear from PL studies that with doping both band edge (380 nm) of host ZnO decreases and d-d transitions (590 nm) of dopant Mn are absent. Weak blue emission lying at 469 nm can be due to the recombination of one d state 6A 1g (S) of Mn and defect states of ZnO host (Viswanatha et al., 2004) . Fig. 5(d) shows at Mn (1.0%) doped NPs PL emission intensity is minimum which suggests at this optimum doping concentration electron hole recombination is minimum. From Fig. 5(c) it can be observed that emission peak intensity of optimum doped NPs further decreased with increase in pH value from 8.0 to 12.0. This might be due to further reduction of recombination rate of electron and holes because Mn ions act as electron scavenger and increased pH helps to decrease recombination which is discussed in photocatalytic studies later. Fig. 6(a) shows the histogram representing the variations of doping concentration with percentage degradation of CV for 1 h only. It shows under UV-Visible radiations 10.48%, 20.25%, 38.21, 66.10%, 42.26% and 52.35% of crystal violet has been degraded in 1 h without using any photocatalyst, using undoped NPs, Mn (0.5%, 1.0%, 1.5% and 2.0%) doped ZnO NPs as a different photocatalyst respectively. Thus maximum degradation has been achieved by Mn (1.0%) doped ZnO NPs. For complete degradation studies, the photocatalytic activity of as synthesized undoped, Mn (1%) doped and Mn (2%) doped ZnO NPs were evaluated by degradation of CV dye molecules under UV-Visible irradiations because of their better photocatalytic activity in 1 h. This dye was used as a test contaminant owing to its absorption peaks in visible range and its degradation can be easily monitored by optical absorption spectroscopy. The changes in optical absorption spectra of CV dye with undoped and Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 is shown in Fig. 6(b and c) . The spectra have been taken after 30 min. intervals after exposing the solution under UV-Visible light. The intensity of absorption spectra decreases as the exposing time increases from 0 to 3 h. The intensity of main peak lying at 589 nm decreases due to degradation of CV dye. Fig. 7 (a) shows the change in concentration of CV dye as a function of irradiation time for the dye derivatives in absence and presence of undoped, Mn (1.0%) and Mn (2.0%) doped ZnO NPs. Here 'C' is the concentration of CV determined at k max of absorption and 'C 0 ' is initial concentration. Fig. 7(b) shows the percentage degradation of CV dye under different conditions. It shows that 22% of CV dye dissolved in water disappears in 3 h of UV-Visible radiations in the absence of any photocatalyst. This smaller degradation of CV dye might be due to the interaction between OH Å radical generated from water molecules and CV dye. 40% of CV dye has been degraded with undoped ZnO NPs. Photocatalytic activity of undoped ZnO NPs are due to defect states caused by donor and acceptor states such as oxygen vacancies, interstitial zinc atom and zinc vacancies and interstitial oxygen respectively. Interfacial electron transfer takes place between donor state and CV dye. As CV dye is cationic in nature so it acquire electron from donor excited state and get decomposed. Fig. 7(b) shows 92.6% and 69.7% of CV dye degraded with Mn (1.0%) and Mn (2%) doped ZnO NPs synthesized at pH-6.7 when exposed to UV-Visible light radiations for 3 h. Thus photocatalyst is necessary for photocatalytic reaction. Mn doped ZnO samples has shown better degradation as compare to undoped ZnO NPs. As discussed earlier in excitation and emission spectroscopy studies Mn doping in ZnO NPs modify the energy band of ZnO, through the creation of localized Mn dopant energy levels within the bandgap. Under UV-Visible light illumination, the photogenerated electrons could easily transfer from the VB of ZnO to the localized Mn energy levels, along with the d-d transitions between the Mn dopant energy levels. The excited electrons were readily trapped in these Mn dopant sites, while the photogenerated holes were left in the valence band of ZnO and migrated to the surface of doped NPs, yielding active hydroxyl radical species to decompose the CV dye. As discussed above in excitation and emission studies there is considerable shift in excitation and emission spectra by addition of Mn dopant ions in host ZnO NPs. Therefore the incorporation of Mn dopant ions in ZnO NPs act as effective trapping sites. The photogenerated electrons and holes can be efficiently separated and the recombination of these charge carriers has been greatly inhibited which results in the improved photocatalytic activities (Yang et al., 2013) . Mn (1.0%) doped ZnO NPs has shown better photocatalytic activity than Mn (2.0%) doped ZnO sample. It may be due to smaller particle size (confirmed from XRD) as compared to Mn (2.0%) doped ZnO photocatalyst. The surface to volume ratio for Mn (1.0%) doped ZnO NPs is higher and activity of photocatalyst depends upon the adsorption amount of dye molecules on the surface of the photocatalyst. Also the effective band gap of Mn (1.0%) doped ZnO sample is smaller than Mn (2.0%) doped ZnO NPs (discussed earlier). This also increases the photocatalytic efficiency of Mn (1.0%) doped ZnO sample under exposure of UV-Visible light radiations. The photocatalytic decomposition of CV dye on the surface of ZnO NPs follows a pseudo first and second-order kinetic law, which can be expressed by following equations as, where C and C 0 are the reactant concentration at time t = t and t = 0, respectively. K 1 , K 2 and t are the pseudo-first and second-order rate constants (reaction rate constant) and time, respectively (Fujishima et al., 2000; Gusain et al., 2014) . The relationship between Àln (C/C 0 ) and irradiation time (Reaction time) for first order and t/C and irradiation time for second order are shown in Fig. 7(c  and d) respectively. Rate constants (K 1 and K 2 ) and regression coefficient (R) for degradation of CV dye with and without catalysts are summarized in Table 1 . It shows that Mn (2.0%) doped ZnO NPs follows second order kinetics. Also the photoreaction rate is highest for Mn (1.0%) doped ZnO NPs and is least for CV dye under UV-Visible radiations only. This shows that Mn (1.0%) doped ZnO NPs shows highest photocatalytic performance among all synthesized photocatalysts.
Photocatalytic studies
À lnðC=C 0 Þ ¼ K 1 tð3Þt=C ¼ 1=K 2 C 2 0 þ t=C 0ð4Þ
Effect of pH on photocatalysis
Since the waste water from textile industries have wide range of pH values and it is very difficult to study the pH of waste water from industries at each time and adjust the photocatalytic reaction. To optimize the type of photocatalyst according to waste water pH, many groups have studied the effect of pH by varying the pH of dye solution with addition of acids and bases (Ji et al., 2009; Kong et al., 2010) . We first time synthesized Cu doped ZnO NPs at variable pH and thus optimize the pH of photocatalyst to degrade dye of any pH values (Mittal et al., 2014) . Thus, with this system there is no need to study the pH of effluents from industries. Since till now no one has synthesized Mn doped ZnO NPs at variable pH and studied their effect on photodegradation of dyes, so attempts have been made to optimize doping and pH of Mn doped ZnO NPs during synthesis of NPs to achieve maximum degradation of dye under UV-Visible light radiations. At this point it is important to mention that pH of photocatalytic reaction is constant (neutral) in all experiments with samples having different pH during synthesis of NPs. But they show considerable effect of photocatalytic reaction. As Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 (natural) exhibit higher percentage of photodegradation of CV dye, therefore this category of sample has been selected for further study by varying the pH so that both doping and pH effect can be studied simultaneously. Mn (1.0%) doped ZnO NPs have been synthesized at pH 8.0, 10.0 and 12.0 to study the effect of pH on photocatalytic degradation studies. Fig. 8  (a) shows the decrease in concentration of CV dye when exposed to UV-Visible radiations in the presence of Mn (1.0%) doped ZnO NPs prepared at pH-8.0, 10.0 and 12.0. Percentage degradation of CV dye under similar conditions is shown in Fig. 8(b) . It indicates that 95% and 98.3% CV dye has been degraded with Mn (1.0%) doped ZnO NPs at pH-8.0 and 10.0 respectively in 3 h of UV-Visible exposure of radiations. However, 99.8% of CV dye has been degraded with Mn (1.0%) doped ZnO NPs synthesized at pH-12 after 2.5 h of exposure of UV-Visible radiations. Thus higher degree of CV dye degradation has been obtained at higher pH value at lower irradiation time. The linear relationship between Àln(C/C 0 ) and irradiation time for first order and t/C and irradiation time for second order is shown in Fig. 8(c and d) respectively. The pseudo-firstorder rate constant (K) and regression coefficient (R) for degradation of CV dye with Mn (1.0%) doped ZnO NPs at different pH valued are summarized in Table 1 . The zero point charge of ZnO (pH zpc ) has been reported to be 9.0 (Zhao et al., 1998) and the surface functional groups of ZnO are ZnOH 2 + , ZnOH and ZnO À at pH < pH zpc , pH zpc and pH > pH zpc respectively. As zero point charge (pH zpc ) of ZnO is 9.0, so at pH-10.0 (pH > pH zpc ) ZnO surface is anionic in nature which is further more anionic at pH-12.0 and CV dye is cationic in nature, so there is weak interaction, normal interaction and strong interactions between CV dye and Mn (1.0%) doped NPs synthesized at pH 8.0, 10.0 and 12.0 respectively. Therefore, greater dye molecule will adsorb on photocatalyst surface at pH-12.0 than at pH-8.0 and 10.0. Also higher photodegradation efficiency at higher pH is due to the main reaction presented by hydroxyl radical attack, which can be highly favored by the high concentration of adsorbed hydroxyl groups at high pH values (Gouvea et al., 2000) . Further to check the photodegradation efficiency of as synthesized Mn (1.0%) doped ZnO NPs at pH-12.0, the CV dye solution has been prepared at pH-2.0 (acidic medium) and 10.0 (basic medium) with the addition of HNO 3 and NaOH.
The CV solution at pH-2.0 and 10.0 has been degraded with Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 and 12.0. Fig. 8(e) These results confirm the utility of these NPs for degradation of waste water effluents from industries.
Effect of H 2 O 2 on photocatalysis
As discussed above, doping and pH has dominant effect on photocatalysis of CV dye. In order to further enhance the degradation rate, the effect of H 2 O 2 has been investigated so that effect of doping, pH and H 2 O 2 could be studied simultaneously. The minimum amount of H 2 O 2 (1.0%) has been added to 100 mL slurry solution (dye and ZnO nanopowder). Fig. 9(a) shows decrease in concentration of CV dye when exposed to UV-Visible light in the presence of H 2 O 2 along with and without Mn (1.0%) doped ZnO NPs synthesized at different pH values. Percentage degradation of CV dye under similar conditions is shown in Fig. 9(b) . It shows that more than 82% of CV dye has been degraded in 2 h with H 2 O 2 only under UV-Visible radiations. More than 90% and almost 100% CV dye has been degraded in 1.5 h in the presence of Mn (1.0%) doped ZnO NPs synthesized at pH-8.0 and 10.0 respectively. However very quick degradation has been observed with Mn (1.0%) doped ZnO NPs synthesized at pH-12 along with H 2 O 2 . It has been found that 99% dye has been degraded in 20 min. and 100% CV dye has been degraded 30 min. respectively. The linear relationship between Àln (C/C 0 ) and irradiation time for first order and t/C and irradiation time for second order is shown in Fig. 9(c and d) . The pseudo-first and second-order rate constants and regression coefficients (R) for degradation of CV dye in the presence of H 2 O 2 without and with Mn (1.0%) doped ZnO NPs at different pH valued are summarized in Table 1 . The photoreaction rate is higher for Mn (1.0%) doped ZnO NPs synthesized at pH-12.0 as compared to others. Change in color of CV dye using Mn (1.0%) doped ZnO NPs synthesized at pH-12.0 in the presence of H 2 O 2 for 0 min and 30 min under UV-Visible light radiations is shown in Fig. 9 (d). It shows that color of CV dye has been changed from violet to colorless after 30mins. This change in color shows that dye has been degraded. The degradation of CV dye with H 2 O 2 only is due to direct photocatalysis of H 2 O 2 by UV-Visible light radiations that can generate free radicals. Also H 2 O 2 is suggested to be better electron acceptor than oxygen. As hydroxyl radicals are strong oxidizing agents and hence play significant role in degradation of dyes.
So in Mn (1.0%) doped ZnO NPs, Mn reduces electronhole recombination which help H 2 O 2 to generate higher amount of hydroxyl radicals. Also pH plays significant role for producing strong oxidizing agents. Therefore this two way process generate strong oxidizing agents causes faster degradation of CV dye in the presence of photocatalysts synthesized at different pH values. Thus doping, pH and presence of H 2 O 2 appears to be promising factors for quick degradation of CV dye.
Further to check the photocatalytic activity of Mn (1.0%) doped ZnO NPs at pH-12.0 in the presence of H 2 O 2 , anionic industrial polyazo Sirius red F3B (SRF3B) dye has been degraded. Change in concentration and percentage degradation of SRF3B dye has been shown in Fig. 10 . It indicates very fast and quick degradation of SRF3B dye under UV-Visible light radiations. 100% degradation of SRF3B dye has been achieved within 15mins under exposure of UV-Visible light radiations. Thus highly efficient photocatalyst has been synthesized for degradation of both cationic and anionic dyes in industrial effluents to reduce water pollution and to save aquatic life.
Conclusion
Undoped and Mn doped and TG capped ZnO NPs were synthesized by co-precipitation route initially at pH-6.7. XRD pattern confirm the formation of doped ZnO samples without any secondary phase appearance. PLE spectra have shown large absorption in visible region as compared to undoped NPs. PL emission and excitation spectra showed that incorporation of Mn ions in NPs have decreased electron-hole recombination. Photocatalytic studies shows that Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 to be better photocatalyst when exposed to UVVisible light radiations for 1 h only. 92% CV dye has been degraded using Mn (1.0%) doped ZnO NPs synthesized at pH-6.7 after 3.0 h of UV-Visible radiations. Similarly Mn doped ZnO samples synthesized at pH-8.0 and 10.0 have shown 95% and more than 98% degradation of CV dye under similar conditions. When pH of the as synthesized Mn (1.0%) doped ZnO samples were raised to 12.0, almost 100% CV dye has been degraded in 2.5 h only. Mn (1.0%) doped ZnO photocatalyst synthesized at pH-12.0 has also efficiently degraded the CV dye at pH-2.0 and 10.0 as compared to similar doped sample synthesized at pH-6.7. Further fast and quick CV dye degradation has been observed when only 1.0% of H 2 O 2 added during photocatalytic reaction. As compared to 82% degradation of CV dye with H 2 O 2 only in 2 h without any photocatalyst under UV-Visible radiations, 100% CV dye has been degraded in 90mins with Mn (1.0%) doped ZnO NPs synthesized at pH-8.0 and 10.0 in the presence of H 2 O 2 . However, Mn (1.0%) doped ZnO NPs synthesized at pH-12.0 has shown highest degradation reaction rate of CV dye and has degraded more than 99% dye in 20 mins and 100% dye in 30 mins only in the presence of H 2 O 2 . To check the utility of highly efficient photocatalyst for anionic dyes also in industries, degradation of polyazo Sirius red F3B (SRF3B) industrial dye has been studied and 100% degradation has been achieved in 15mins of UV-Visible light radiations only. This means doping, pH and presence of H 2 O 2 all have shown significant contribution for quick degradation of dye. With this system industrial effluents with any pH value can be degraded quickly and thus to save aquatic life.
